Background: Social relationships, which are contingent on access to social networks, promote engagement in social activities and provide access to social support. These social factors have been shown to positively impact health outcomes. In the current systematic review, we offer a comprehensive overview of the impact of social activities, social networks and social support on the cognitive functioning of healthy older adults (50+) and examine the differential effects of aspects of social relationships on various cognitive domains. Methods: We followed PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines, and collated data from randomised controlled trials (RCTs), genetic and observational studies. Independent variables of interest included subjective measures of social activities, social networks, and social support, and composite measures of social relationships (CMSR). The primary outcome of interest was cognitive function divided into domains of episodic memory, semantic memory, overall memory ability, working memory, verbal fluency, reasoning, attention, processing speed, visuospatial abilities, overall executive functioning and global cognition. Results: Thirty-nine studies were included in the review; three RCTs, 34 observational studies, and two genetic studies. Evidence suggests a relationship between (1) social activity and global cognition and overall executive functioning, working memory, visuospatial abilities and processing speed but not episodic memory, verbal fluency, reasoning or attention; (2) social networks and global cognition but not episodic memory, attention or processing speed; (3) social support and global cognition and episodic memory but not attention or processing speed; and (4) CMSR and episodic memory and verbal fluency but not global cognition.
Background
Cognitive functioning plays an important role in determining functional abilities, quality of life and independence in older adults [1, 2] . Although changes in cognitive function such as processing speed, episodic memory and executive functions are typical with normative cognitive ageing [3] [4] [5] , cognitive decline is not a part of healthy ageing [6] [7] [8] . Evidence suggests that cognitive function in older adults may be affected by modifiable risk and protective factors including smoking, poor diet, levels of physical activity, cognitive stimulation and social relationships [9] [10] [11] [12] [13] . With an increasing ageing population, cognitive ageing researchers are prioritising exploration of these lifestyle factors as they may provide a pathway to interventions to prevent cognitive decline or maintain cognitive function in older adults. Of these lifestyle factors, social relationships are of particular interest as improving factors associated with social relationships may offer a relatively simple method of promoting positive outcomes in cognitive functioning.
One difficulty when trying to determine the effect of social relationships on cognitive function is the use of discrepant and unclear definitions of different social factors [14] . If researchers are to make accurate recommendations regarding activities that can promote cognitive health, they need to use precise terminology to ensure consistency and clarity of information presented. In an attempt to address the issue of discrepant definitions in the literature, Berkman and colleagues suggested a framework to clarify terms describing social factors and behaviours [15] . Berkman et al. explain that social integration, which includes upstream levels of social resources, community, and family, promotes access to social networks. Social networks, defined as "the web of social relationships that surrounds an individual" (p.847) in-turn facilitate engagement in social activities and access to social support [15] . Social relationships therefore, are both impacted by and influence social networks, social activity and social support [15] [16] [17] . Social network characteristics can include the network size, the relationship between members of the network, and the frequency of contact between network members [15] . Examples of social activity, also known as social participation or engagement, may include meeting friends, attending events or functions, volunteering or participating in occupational duties or group recreational activities [15] . Social support, often divided into emotional, instrumental, and informational support refers to a person's perception of the availability of help or support from others in their social network [15] . In two recent reviews, Kuiper and colleagues also refer to social relationships and explain that social networks and activity represent structural aspects of social relationships, while social support represents functional aspects of social relationships [18, 19] . In the interest of promoting the consistent use of welldefined terminology across reviews, we will use the terms as presented by Berkman et al. and Kuiper et al. , and refer to the overall category of social relationships which incorporates factors including social networks, activity and support.
Research examining the effects of social relationships on older adults' cognitive functioning most commonly assesses the frequency of engagement in social activities [20] , followed by social network size/structure [21] and social support [22] . Cross-sectional studies examining the relationship between engagement in social activity and cognitive function have found that an active and socially engaged lifestyle is related to improved cognitive function in ageing [23, 24] . Results from observational studies investigating longitudinal associations between social relationships and older adults' cognitive function are not conclusive however [25] . While many observational studies have found that aspects of social relationships, such as social activity, are related to benefits in cognitive function [9, 17, 21, [26] [27] [28] [29] , others have failed to do so [30] [31] [32] [33] . The lack of consistency across observational studies is further compounded by a lack of supportive evidence from randomised controlled trials (RCTs). In their literature review, Wang et al. searched for RCTs to supplement correlational data on social activity and cognitive function, but found none, thereby limiting the extent to which causal relationships could be inferred [2] . Since then, to our knowledge, no RCTs examining lifestyle factors and cognitive function have included any social factors as primary intervention targets. Perhaps this lack of RCTs results from difficulties translating aspects of social relationships into a measurable experimental design [34] . Nonetheless, some RCTs have included engagement in social activities as active control conditions [34, 35] , but these have yet to be examined in the context of a systematic review. Consideration should be given to possible effects that different aspects of social relationships may have on specific cognitive processes [36] [37] [38] , as each unique outcome may result in differential effects on the trajectory of cognitive decline [39] . The literature has previously been criticised for not permitting an assessment of domain-specific effects of social relationships on cognition [36] . In response to this, Gow et al. examined the effects of social relationship factors on general cognitive ability, memory and processing speed and found that more social support was associated with better general cognitive abilities but not memory, and less social support was associated with slower processing speed; these associations were partly accounted for by symptoms of depression. Other studies have also reported that different aspects of social relationships can differentially impact cognitive functioning, and discrepancies between these factors can have clinically meaningful effects on cognitive function [19, 40] and incident dementia outcomes [18] .
From a theoretical perspective, there is clear reason to expect an association between social relationship factors and cognitive outcomes. Social activities may include a type of cognitive stimulation, thus contributing to cognitive outcomes via the building of cognitive reserve [41] ; cognitive reserve optimises cognitive performance through the recruitment of alternate brain networks and cognitive strategies to compensate for cognitive difficulties related to pathology [42, 43] . Social support in particular may impact cognitive outcomes via its buffering effect on stress [44] . Interacting with others in one's social network may influence cognitive outcomes because close social ties makes positive health behaviours more likely (social control hypothesis; [45] ). An intriguing alternative hypothesis has been put forward by Adolphs who proposes that all cognition is intrinsically social in nature [46] . It is also reasonable to assume that different aspects of social relationships may affect cognitive domains in different ways. For example, reducing stress through social support is likely to benefit memory and executive functioning [47, 48] , while social network interactions may indirectly benefit reasoning, attention and processing speed through encouraging health behaviours such as exercise [12, 49] . A detailed investigated of how social relationships may affect different cognitive domains has yet to be conducted.
Few literature reviews provide a comprehensive overview of research on social relationships and cognitive function in older adults. Structural and functional aspects social relationships are not often differentiated or separately assessed [50] , precluding any meaningful comment on their distinct contributions towards cognitive ageing. In addition, social factors tend to be considered alongside or as part of other lifestyle factors such as leisure or intellectual activity [41] ; outcomes such as mortality, physical health, or dementia are included in lieu of cognitive function [10, 18] ; only specific aspects of social relationships are considered, such as social isolation [51] ; or reviews do not include comprehensive systematic literature searches [52, 53] . The findings from prior reviews have shown a positive effect of engagement in social activities on verbal fluency [53] and of 'socialisation' on overall cognitive function [54] , but findings were inconclusive and terminology used was inconsistent. Two more recent reviews that used consistent, welldefined terminology and examined various aspects of social relationships found that poor social relationships were associated with an increased risk of cognitive decline [19] and dementia [18] . A comprehensive review has yet to be conducted that clarifies the effect of social relationships on the cognitive function (continuous outcome) of older adults.
The aim of the current review was to evaluate the association between different aspects of social relationships; specifically social activity, social networks, and social support, with the cognitive functioning of healthy older adults with no known cognitive impairment. This is the first review to include data from available RCTs and genetic (twin) studies alongside an updated summary of observational evidence. The review is also innovative in its attempt to account for the differential effects of various factors associated with social relationships on specific cognitive domains (Fig. 1) .
Methods

Search strategy
PubMed, Medline and PsycInfo were searched to identify RCTs, observational, and twin studies written in English and published between January 2000 and January 2017. The original search was conducted in 2015, and was updated in 2017. Search terms included 'social activity' , 'social engagement' , 'social intervention' , 'leisure intervention' , combined with 'cognition' , 'cognitive performance' , 'cognitive decline' , 'cognitive function' and 'healthy elderly' , 'older adults' (see Additional file 1 for full search strategy). Database searches were supplemented by searches of Google Scholar and hand searches of the reference sections of relevant reviews and included studies. Titles and abstracts were screened to exclude articles that did not meet inclusion criteria. Full texts of remaining studies were then screened for eligibility by two independent reviewers. Disagreements were resolved through discussions with the review team (see Fig. 2 ). This review is part of a series of reviews aimed at examining the impact of non-pharmacological interventions of the cognitive functioning of healthy older adults [12, 13, 56] . The review series was registered with the PROSPERO International prospective register of systematic reviews in 2012 (CRD42012003248).
Selection criteria
We followed Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. The following inclusion criteria were used: (1) peer-reviewed and academically published observational, RCT or twin studies that (2) investigated the impact of engagement in social activities, social networks or social support on cognitive function and (3) included a sample of community dwelling older adults (> 50 years) with no known cognitive impairment. We excluded studies if participants had been diagnosed with any cognitive impairment, cardiovascular disease, or other significant medical, psychiatric or neurological problems; or studies that combined data from participants with cognitive function within the normal range with data from participants Fig. 1 The graph shows the total number of studies (y-axis) that included outcome measures to assess cognitive abilities (x-axis) for each of the four categories of social engagement (figure key) 
Outcomes of interest
The primary outcome of interest was cognitive function. In line with a Cochrane review [55] and three prior reviews published by the review team [12, 13, 56] , cognitive outcome measures were grouped into separate ability subgroups within the cognitive domains of memory and executive function. This permitted the comparison of data that was as homogenous as possible. Within the memory domain, outcomes were categorised to include measures of episodic memory, semantic memory or overall memory ability (measured by global or composite measures of memory). Within the executive function domain, outcomes were categorised to include measures of working memory, verbal fluency, reasoning, attention, processing speed, visuospatial abilities or overall executive functioning (measured by global or composite measures of executive function). Global cognition was measured using global or composite measures of cognitive function.
Social relationships were categorised based on the suggested framework of Berkman et al. [15] and included social activity, social networks, social support and composite measures of social relationships (CMSR). Social activity included engagement in facilitator led group discussions, social interactions, field trips, travel or outings, visiting and receiving visitors, participation in voluntary activities, religious activities, membership in community groups or associations, or attending social groups. Social networks included living arrangements, marital status, number of social ties or frequency of contact with friends and family. Social support included emotional support, satisfaction with support, positive or negative interactions, instrumental support, informational support, someone to share personal experiences and feelings with, help with decision making, support with daily tasks and general ratings of social support. Any combination of social activity, social networks and/or social support measures were considered as CMSR.
Data extraction
Data related to our outcomes of interest were extracted by two independent reviewers and cross-checked by an expert author. Cross-sectional and longitudinal outcomes were recorded that examined the relationship between social relationships and cognitive function. Multiple publication bias was avoided by using data from the most recently published study. Where two studies used data from the same cohort but presented different relevant outcomes, both were included on the same cell of the included studies table. Priority was given to outcomes that were adjusted for covariates/controlled for potential confounds. Due to large diversity between study' definitions and measurement of social relationships, cognitive outcomes measured, and analysis used, and in line with recommendations of from Section 9 of the Cochrane handbook, meta-analysis was not conducted as it was unlikely to derive meaningful conclusions. Guidelines from Section 8 of the Cochrane Handbook were used to assess risk of bias in RCTs (Additional file 3). The STROBE assessment tool was used to assess the quality of reporting in cohort studies (Additional file 4).
Results
Thirty-nine studies were identified that met the inclusion criteria outlined above; three RCTs including 576 participants, 34 observational studies including 87,509 participants in 32 longitudinal data sets, and two twin studies including 189 pairs of participants. Social activity was examined in three RCTs, 22 observational studies and two genetic studies; social networks and social support were examined in nine observational studies each, and CMSR were included in three observational studies. See Tables 1, 2 , and 3. Social activity was the most common type of social relationship assessed and global/composite measures of cognitive function were the most common cognitive outcome measure employed. Overall, the type of social relationship and cognitive outcome measures included varied largely across studies (see Fig. 1 ).
Randomised controlled trials/experimental findings
Three RCTs assessed the impact of social activity on cognitive function with 21 cognitive test measures. Significant improvements were reported for social activity groups from baseline to follow-up on one (out of one) measure of verbal fluency [35] . Compared to a 'normal community care' control group, social activity improved performance on one out of three measures of global cognition [34, 35, 57] . Compared to active and placebo controls, non-significant trends for improvement were reported in domains of memory, episodic memory, processing speed, attention and visuospatial processing for engagement in social activity groups [34, 35] . Mortimer et al. also reported significant increases in brain volume in social activity compared to no intervention groups [35] . There were no improvements in performance for social activity groups on one measure of memory, two measures each of attention and processing speed and one measure of executive function [35] .
Observational/longitudinal studies Social activity Twenty-two observational studies examined the impact of social activity on cognitive function. At baseline, there were significant associations between social activity and higher scores on five out of five measures of global cognition [17, [58] [59] [60] ; and one out of one measure each of memory and working memory and verbal fluency [60] . At follow-up, significant associations were reported between social activity and performance on 12 out of 14 measures of global cognition [17, 21, 24, 30, 58, [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] one (out of one) composite memory measure [71] , one (out of one) composite semantic memory measure [66] ; four out of nine measures of episodic memory [24, 30, 62, 66, 72, 73] ; one out of four measures of executive function [20, 24, 73] ; one out of one measure of working memory and visuospatial abilities [66] ; three out of five measures of processing speed [30, 37, 62, 66] ; and one out of five measures of verbal fluency [24, 62, [71] [72] [73] . There were no associations between social activity and scores on two measures of reasoning [30, 73] and one measure of attention [62] . Hsu et al. [64] found that women with unpaid work at baseline were more likely to experience cognitive decline at follow-up; and Small et al. [38] reported that more social activity was related to poorer verbal fluency at follow-up.
Social networks
Nine observational studies examined the impact of social networks on cognitive function. Five studies examined network size and frequency of contact with members of the social network together [17, 61, 63, 74, 75] and four studies examined network size alone [21, 32, 67, 76] . At baseline, social network size and frequency of contact were positively correlated with higher scores on measures of global cognition in two studies [17, 32] . At follow-up, six out of nine studies reported a significant association between social network size and frequency of contact with measures of global cognition [17, 21, 61, 67, 74, 75] . Two studies reported no association between social networks and global cognition [32, 63] and one reported no association between social network size and measures of episodic memory, attention, processing speed, or global cognition [76] . Number of social ties was not related to a global cognition in one study [32] . 
Social support
Nine observational studies examined the impact of aspects of social support on cognitive function. At baseline, there was a significant association between emotional support and improved outcomes on four out of five measures of global cognition [22, 32, 58, 76] , one measure of reasoning and one measure of processing speed [22] . There were also significant positive associations at baseline between global cognitive function scores and satisfaction with support, negative interactions [76] , and conflicts/demands [32] ; and a conflicting negative association between baseline global cognition and negative interaction scores [77] . There were no baseline associations reported between instrumental support and scores on three measures of global cognition [22, 32, 76] ; or measures of reasoning or processing speed [22] . There were no baseline associations reported between informational support [76] or support to others [32] and outcomes on measures of global cognition. At follow-up, scores on measures of global cognition were positively correlated with social support [78] . Emotional support was associated with improvements on four out of five global cognition measures [21, 22, 32, 58, 76] . Satisfaction with social support was related to better episodic memory performance, but not attention, processing speed or global cognition [76] . Positive interactions were related to improvements on one out of three measures of episodic memory, one out of three measures of working memory, and two out of three measures of processing speed [79] . One out of three studies reported that negative interactions were related to lower scores on measures of global cognition, episodic memory, semantic memory, working memory, processing speed and visuospatial abilities [76, 77, 79] . Informational support and instrumental support were not related to scores on measures of episodic memory, working memory, attention, processing speed or global cognition in two studies [76, 79] .
Composite measures of social relationships
Three studies examined the impact of social relationships on cognitive function. At baseline, lower scores on CMSR were associated with poorer verbal fluency and two (out of two) measures of episodic memory [80] . At follow-up, higher scores on CMSR were significantly related to better scores on four out of six measures of episodic memory [27, 80, 81] ; and one measure of verbal fluency [80] . There was no reported association between CMSR and global cognition in two studies [27, 81] .
Genetic studies Social activity
Two twin studies examined the impact of social activity on cognitive function. One study reported significant positive correlations between social activity and initial scores on two measures of global cognition [82] . Discordance scores showed significant associations between social activity and improved performance on one measure of memory [83] and on one out of three measures of global cognition [82, 83] . No associations were reported between social activity and outcomes on measures of executive function, verbal fluency or processing speed [83] . Social activity was found to be moderately heritable [82] .
Discussion
Across the four distinct aspects of social relationships, evidence suggests a relationship between (1) social activity and global cognition, overall executive functioning, working memory, visuospatial abilities and processing speed but not episodic memory, verbal fluency, reasoning or attention; (2) social networks and global cognition but not episodic memory, attention or processing speed; (3) social support and global cognition and episodic memory but not attention or processing speed; and (4) CMSR and episodic memory and verbal fluency but not global cognition.
Social activity
In RCTs, social activity improved global cognition and increased brain volume but did not impact domains of memory, attention, verbal fluency, processing speed or overall executive functioning. Longitudinal associations were reported between social activity and global memory measures, overall executive functioning, working memory, visuospatial abilities, processing speed and global cognition but not episodic memory, verbal fluency, reasoning or attention. Genetic studies showed associations between social activity and memory and global cognition but not overall executive functioning, verbal fluency or processing speed. Social activity was most consistently associated with improvements on global cognition, as measured by global or composite measures of cognitive function, across all study-types. This replication of results is encouraging, particularly since multiple studies investigated the impact of social activity on global cognition, and suggests that social activity may be useful for promoting brain health in older adults. The included longitudinal and genetic studies also showed that social activity was associated with some (i.e. working memory) but not all (i.e. verbal fluency) executive functioning domains. Although our results fail to support those of Brown et al. [53] who reported that social activity benefitted verbal fluency, the discrepancy may be explained by the number of studies included in each review. Our finding that social activity benefitted working memory supports research on social working memory (SWM) that describes working memory as essential for navigating the complexities of the social world [84] , and suggests that this relationship is symbiotic. Additional research is required to examine the differential effects of social activity on specific domains of executive functioning, and to determine if social activity interventions can benefit cognitive function or prevent decline.
Social networks, support and composite scores
Similar to the findings for social activity, the results show that larger social networks and greater levels of social support were associated with improved global cognition. There were also differential effects of the type of social relationships on specific cognitive domains. Social support was associated with benefits to episodic memory but social activity and social networks were not. One explanation for differing effects of social support versus social activity and networks may be the impact that social support has on stress. Social support has been shown to promote resilience against the negative consequences of stress [85] whereas simply engaging in social activities or reporting a larger network of family and friends may not translate to the kind of social-emotional support required to obtain such stress-reducing benefits. Lower levels of stress has been shown to benefit memory and executive performance [47] . Negative interactions on the other hand, may increase stress and have a negative impact on overall cognitive function and on domains of episodic, semantic and working memory, processing speed and visuospatial abilities [76, 77, 79] .
Social networks and activity are related concepts and both are structural dimensions of social relationships [85] , and individuals who take part in more social activities tend to have a larger social networks (and vice versa). This would explain why social networks and activity appear to similarly impact cognitive domains. Social support on the other hand requires more than a quantity of friends/family and activities, it requires a functional dimension that provides both emotional and instrumental support [86] . This functional dimension is a better predictor of positive health outcomes than the quantitative dimension [87] . This supports ours and prior conclusions that there are distinct effects of different dimensions of social relationships on cognitive abilities [88, 89] , and highlights the need for studies that are specifically designed to examine these specific effects. Intervention trials would also help to determine the precise aspects of social relationships that are needed to benefit cognitive function depending on the needs of at-risk older adults.
Scores on the outcome of CMSR were associated with verbal fluency but not global cognition and the findings regarding episodic memory and CMSR were inconsistent. It is difficult to draw any conclusions regarding CMSR because this composite score does not allow the determination of the differential effects of each specific social relationship-type. Future studies would benefit from ensuring consistency and specificity in defining and measuring distinct aspects of social relationships.
Cognitive decline and social relationships
Overall, the results show that social relationships, as defined in this review, benefits older adults' cognitive functioning. Changes in the characteristics of social relationships could be a consequence of cognitive decline as opposed to a cause however [25] . The finding that episodic and semantic memory decline are related to a subsequent decline in social activity supports this view [38] . The stigma associated with cognitive decline may lead to social withdrawal [90] , failing memory or word-finding difficulties may impede confidence and self-efficacy [91, 92] or poorer cognitive function might result in reduced ability to function socially [25] .
Contradictory research has reported that cognitive decline and decline in perceptual speed does not predict decline in social relationships or function [37, 60] , and episodic and semantic memory do not predict social activity [71] . In the latter study, while participants with and without cognitive decline both showed decline in social relationships, older individuals engaged in social activities to a lesser extent. Perhaps age may be more influential in affecting social relationships than cognitive decline [93] . Either way, the results demonstrate the complexities of the association between social relationships and older adults' cognitive function. It is most likely that there is a dual effect, explained by cognitive reserve whereby (1) higher level of engagement promotes positive cognitive outcomes and (2) higher levels of functioning is related to living a more engaged lifestyle [38, 41] .
Limitations and future directions
We found it difficult to identify RCTs that included social relationships as either intervention or active control components. The search terms used may not have identified RCTs that focused on alternative lifestyle factors such as exercise that might have included social relationships as an active control condition, meaning that we may not have included all relevant RCTs. In addition, databases were only searched from the year 2000 to 2017, and Medical Subject Headings (MeSH) were not used meaning that some relevant studies may have been omitted. This was somewhat controlled for through supplemental searches of reference lists of included studies. The more pertinent issue is the fact that there are so few RCTs published that primarily focus on social interventions. This is most likely due to the difficulty in forming appropriate control conditions, although socially isolated older adults are not uncommon-however, they are, by their very nature, a difficult group to access for research. An RCT that recruited socially isolated older adults into four conditions: (1) social activity, (2) social networks; (3) social support; (4) wait-list control and examined outcomes on cognitive and social functioning measures would provide important insights.
The heterogeneity in definitions and measures of social relationships and cognitive function resulted in difficulties collating research evidence in a meaningful way and precluded us from conducting a meta-analysis. To promote homogeneity, future research could use the categorisation and definitions of social relationships as outlined in this review. Studies would benefit from an agreed appropriate battery of cognitive tests to be used when examining each distinct aspect of social relationships; for example, measures of episodic memory might be more important when investigating social support than networks or activity, and studies would benefit from including measures of global cognition and working memory for all social relationship-types. Systematic reviews consistently call for standardisation of tests measures to improve replicability and test the reliability of individual study findings, and yet standardisation and replication remain largely absent from this literature. Future RCT and longitudinal studies need to replicate prior studies with a view to strengthening existing evidence and determining the exact nature of the association between social relationships and cognitive function.
Exploring the impact of social relationships as distinct from cognitive, leisure or physical domains of activity is questionable, since all social behaviour includes aspects of these three domains of activity and it is not possible to isolate purely social factors. Many leisure activities have a physical (dancing, walking) or cognitive (playing chess) element which impact on cognitive processes and may confound measurement of social behaviour. To design effective RCTs, researchers could design interventions that include social activities, networks and support, and ensure these are clearly defined and consistently used across studies to improve comparability of results. It would also be helpful to avoid incorporating clear physical exercise or cognitive stimulation in social interventions which may confound results. Future research might also consider the impact of technology, internet and social media on social relationships, particularly feelings of social support.
Loneliness was not considered in the current review. While previous meta-analyses and reviews have investigated loneliness and social isolation together [94, 95] , with regards to other outcomes, loneliness is often experienced as a psychological phenomenon which is not entirely contingent on social engagement but instead at least partly attributable to factors such as maladaptive social cognitions [96] and feelings of physical security [97] . As such, loneliness may not be suitable for inclusion in discussions concerning social relationships per se, although a detailed account of social support may describe loneliness where perceived social support is lacking.
